The inhibitory effects of depolymerized alkaline soda (OSL), kraft (OKL) and organosolv (OOL) lignin products via nitrobenzene oxidation method on mild steel corrosion in 1.0 M HCl medium were investigated by using weight loss measurement, potentiodynamic polarization, and electrochemical impedance spectroscopy (EIS) methods. The corrosion inhibition efficiency obtained from all methods was found to increase with increased concentrations for all depolymerized lignin products. Polarization measurements indicated that OSL, OKL, and OOL acted as mixed type inhibitors. Ferric reducing power activity of OSL, OKL, and OOL that has been determined via reducing power assay showed that all three inhibitors have the ability to act as antioxidants. The adsorption behavior of OSL, OKL, and OOL products was also studied; the experimental data have been found to well fit the Langmuir adsorption isotherm and the ΔG°a ds values proved that physisorption dominated the adsorption process. High-performance liquid chromatography (HPLC) analysis was carried out to quantify the fractions of depolymerized lignin and seven phenolic constituents (p-hydroxybenzoic acid, vanillic acid, syringic acid, p-hydroxybenzaldehyde, vanillin, syringaldehyde, and p-hydroxyacetophenone) were found to be present in OSL, OKL, and OOL; out of which, three (syringaldehyde, vanillin, and phydroxybenzaldehyde) were identified as the main compounds responsible for corrosion inhibition of mild steel in 1 M HCl medium. The analysis revealed that only phenolic aldehydes (S, V and 4-HB) gave significant contributions to the corrosion inhibition for mild steel in 1 M HCl that do not depend on the total initial concentration of S, V and 4-HB in the depolymerized lignin products. The results from the HPLC analysis corroborates well with the electrochemical and weight-loss measurements results. The surface morphology of mild steel was monitored by scanning electron microscopy (SEM). It was observed that the roughness of the surface was reduced with the addition of an inhibitor as compared to the one without an inhibitor indicating reduced corrosion rate of mild steel that is supported by the X-ray diffraction (XRD) analysis.
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